Abstract In this study we propose a virtual screening strategy based on the generation of a pharmacophore hypothesis, followed by an in silico evaluation of some ADME-TOX properties with the aim to apply it to the hit finding process and, specifically, to characterize new chemical entities with potential to control inflammatory processes mediated by T lymphocytes such as multiple sclerosis, systemic lupus erithematosus or rheumatoid arthritis. As a result, three compounds with completely novel scaffolds were selected as final hits for future hit-to-lead optimization due to their anti-inflammatory profile. The biological results showed that the selected compounds increased the intracellular cAMP levels and inhibited cell proliferation in T lymphocytes. Moreover, two of these compounds were able to increase the production of IL-4, an immunoregulatory cytokine involved in the selective deviation of T helper (Th) immune response Th type 2 (Th2), which has been proved to have anti-inflammatory properties in several animal models for autoimmune pathologies as multiple sclerosis or rheumatoid arthritis. Thus our pharmacological strategy has shown to be useful to find molecules with biological activity to control immune responses involved in many inflammatory disorders. Such promising data suggested that this in silico strategy might be useful as hit finding process for future drug development.
Introduction
Virtual screening still continues to be a complementary method to high-throughput screening of large chemical databases, and it has been widely used in the drug discovery process, being one of the methods applied as a source of lead compounds [1] .
On the other hand, toxicity is a major impediment to reach a successful drug discovery and development, and in silico methods form a valuable part of the battery of techniques to act as alternative to traditional toxicity testing [2] .
Moreover, determining ADME properties by using in silico methods reduces the risk during the selection process of drug candidates in the early drug discovery process [3] . In this specific context, cytochromes P450 (CYP) are crucial targets not only because metabolic transformations are frequently related to the incidence of toxic effects that may result from the emergence of reactive species or by induction of metabolic pathways, but also because CYP inhibition is pivotal for drug-drug interaction, an important issue in the discovery and development process of new drugs.
In the present work, we propose a combined strategy of virtual screening to identify new potential hit compounds, merging the use of developing pharmacophore modeling with an in silico evaluation of some ADME-TOX Electronic supplementary material The online version of this article (doi:10.1007/s10822-012-9627-1) contains supplementary material, which is available to authorized users.
properties, using a representative set of phosphodiesterase 7 (PDE7) inhibitors as a case study.
PDE7 is one of at least eleven isoenzymes of mammalian cyclic nucleotide phosphodiesterase that have been identified [4] . Specifically, their relevance is based on the fact that the inhibition of the activity or the expression of PDE7 was found to block the activation of T-cells as well as the proliferation and function of preactivated T-cells and cytotoxic T-lymphocytes [5, 6] . Although its role in these cells is not very well defined yet and investigations on PDE7A knockout mice show that it is not essential for the lymphocyte activation [7] , data in which they based their conclusions are limited to the PDE7A isoform, so the PDE7B isoform could make up for PDE7 functions in PDE7A knockout mice. In addition, there are studies that demonstrate that PDE7 is able to regulate T lymphocytes functions, including cytokine production, proliferation and expression of activation markers [8] .
Therefore, currently there is an increasing interest in the development of new selective inhibitors of this enzyme that can have a great therapeutic importance for the treatment of T lymphocytes-mediated autoimmune and inflammatory pathologies [9, 10] .
At first place, Catalyst was used to develop a 3D-QSAR model to carry out a database screening. The pharmacophore thus developed imparts information about important features for PDE7 inhibitory activity and geometry, and it was used to mine 3D-virtual databases of drug-like molecules. Once the contours generated from QSAR studies highlighted the structural features required for PDE7 inhibition, the reliability of the postulated pharmacophore model was validated by the biological evaluation of new PDE7 inhibitors.
Subsequent, based on the results of the Ames test available in the GENE-TOX database, we developed an early prediction of the mutagenicity of the compounds by means of a non-linear statistical model.
After that, the programs Volsurf and Metasite were employed for the evaluation of some relevant ADME properties, including BBB penetration, thermodynamic stability in solution, Caco2 permeability, human serum albumin binding and hERG potassium channels blockers (through Volsurf) and the determination of cytochrome responsible for their metabolism (using Metasite).
Finally, the biological profile of the hits compounds was studied by means of three parameters related to the control of inflammation: effect on intracellular cAMP levels, influence on T cell proliferation, and consequences on the production of the Th2 immunoregulatory cytokine IL-4.
Methods
Training and evaluation set for the pharmacophore model 31 molecules [1-15 training set ( Fig. 1 ) and 16-31 evaluation set ( Fig. 2) ] were selected as the training and Fig. 1 Compounds of the training set evaluation set, respectively, representing some of the most interesting compounds of known PDE7 inhibitors. The selected families belong to six structurally diverse chemical classes including: benzothiadiazine [11, 12] , guanine [13] , iminothiadiazol [14] [15] [16] , spirotricycles [17] [18] [19] , 3,4-dihidroisoquinolines [20, 21] and benzene-sulphonamides [22] , assuming in all the cases a similar binding mode with the enzyme. These compounds are characterized by significant in vitro biological tests and show activity range within 5 orders of magnitude (Table 1) .
All structures, considered in all the cases as neutral forms, were generated using 2D/3D editor sketcher in Catalyst software package [23] and their energy were minimized to the closest local minimum using the CHARMM-like force field implemented in the program.
To build conformational models of up to 256 conformers for each molecule, the ''best conformer generation'' option and a 20 kcal/mol energy cutoff were chosen.
All molecules with their associated conformations were regrouped together with their biological activities data (Table 1) .
Pharmacophore generation
Based on the chemical features of 15 compounds in the training set, 10 pharmacophore models were generated using the pharmacophoric analysis of the Catalyst/HypoGen program with a default uncertainty value of 3.0. This uncertainty value represents a ratio range of uncertainty in the activity value based on the expected statistical irregularities of biological data collection.
In the hypothesis generation and on the basis of the atom types in the molecules of the training set, the following chemical features were selected: H-bond acceptor (HBA), H-bond donor (HBD), hydrophobic (HY), aromatic (RA) and positive ionizable (PI), including all pharmacophoric features of molecules in both training and evaluation sets.
Pharmacophore model quality examination
In order to evaluate the reliability and accuracy of the generated 3D pharmacophore models, prediction capability, cost analysis, and Cat-Scramble validation studies were performed.
Prediction capability of the generated pharmacophore model
The pharmacophore model was also used to predict the PDE7 inhibitory activities of other compounds beyond of those in the training set. For such a purpose, 16 PDE7 inhibitors in the evaluation set ( Fig. 2) were estimated by the best pharmacophore model with the highest correlation coefficient (r) and the lowest total cost.
Cost analysis
The quality of HypoGen-generated pharmacophore models can be described in terms of fixed cost, null cost and total cost, all of which are well-defined by Debnath. The fixed cost represents the simplest model that fits the data. The null cost represents the cost of a hypothesis with no features which estimates every activity to be the average activity. If a returned cost (total cost) differs from the null cost by 40-60 bits, it is highly probable that the hypothesis has 75-90 % chance of representing the true correlation of the data. If the difference becomes more than 60 bits, the probability of representing a true correlation of the data is even higher, more than 90 %.
Cat-Scramble validation
The Cat-Scramble validation procedure is based on the Fischer's randomization test. This is to check whether there is a strong correlation between chemical structures and bioactivities of ligands. It is done by randomizing the activity data associated with the training set of compounds and generating pharmacophore hypotheses using the common chemical features and parameters to develop the original pharmacophore hypothesis. 19 random spreadsheets were generated for a 95 % confidence level. If the randomized data set has similar or better cost values, RMSD and correlation in the generation of a pharmacophore model, the original hypothesis is considered to have been generated by chance.
Finally database searching was performed through a 3D query using the highest scoring pharmacophore model accomplished by means of Catalyst.
Codification of structures for toxicity in silico studies
Initial molecules were selected from GENE-TOX database (Genetic Toxicology) [24] , which contains peer-reviewed mutagenicity test data from the Environmental Protection Agency (EPA) for over 3,000 compounds, using the following three restrictive criteria: (a) positive or negative Ames test done with the same experimental method on strain TA98 of Salmonella; (b) organic molecules; and (c) therapeutic or industrial use described in the Merck Index.
In this way, 132 molecules (see Figure S1 in Supplementary Information) with 8-111 atoms and 64-808 Da of molecular weight were selected (Table S1 in Supplementary Information). From these molecules, 57 were toxic and 75 non toxic.
Codification of the molecules was carried out using CODES program. This program, which has never been used for virtual screening purposes, has been previously used for QSAR studies, as for example the prediction of the nematocide action of pteridine derivatives [25] , of new drugs for potassium channels opening [26] , and the oral absorption and BBB penetration of several drugs [27] . In such way, it has also been used to carry out QSPR studies, such as the determination of pharmacokinetic properties as for example the mean life of antihistaminic drugs, classifying them in their corresponding therapeutic categories [28] . Since the output of CODES is a matrix where each column represents one of the atoms of the molecule different than hydrogen, it is necessary to reduce those matrixes to the same dimensionality. This reduction was carried out by PCA using Tsar program [29] . Therefore five series of data were created to group the molecules using 1, 2 and 3 principal components (PC) (able to explain 100 % of the variance in 99 % of the cases) as follows: with 5 or more descriptors (1 explanatory variable, 128 compounds, M5), with 8 or more (2 variables, 119 compounds, M8), with 11 or more (3 variables, 111 compounds, M11), with 14 or more (4 variables, 101 compounds, M14) and with more than 14 (4 variables, 91 compounds, M15) as described in Table 2 .
Mathematical description of the models
We used these series to estimate the following non linear statistical model. Let yi be a variable which may take only two values: yi = 1, meaning that the i-th molecule is toxic, and yi = 0, meaning that it is non-toxic. Assume also that there is a k 9 1 vector of real continuous variables, xi, that summarize the physical properties of the i-th molecule. Under these conditions, the conditional probability that the i-th molecule is non-toxic and toxic can be written, respectively, as:
where: P () is the probability of the event defined within the parentheses.
F () is a cumulative distribution function (CDF), i.e., any continuous, strictly increasing function that yields real values from zero to one.
b is a k 9 1 vector of real parameters defining a linear combination of xi that can be interpreted as a toxicity indicator.
In general the values in b are unknown, so one must compute an estimate, þ, that optimizes the model forecasting power. Given a sample of n values of yi and xi, a common criterion consists of maximizing the likelihood function:
In this work, we considered two alternative specifications for F (): the CDF of a logistic distribution:
i bÞ characteristic of the Logit model, and the Type-I extreme value distribution:
that defines a model known as Gompit. These statistical models defined above provide estimates of the probability that a molecule is toxic, conditional to its physical properties. To transform these probabilities into binary forecasts one must define a ''cut-off value'', i.e., a probability threshold c such that, if P(y i = 1|x i ,b) [ c, then the forecast for the i-th molecule is ''toxic'' and, if P(y i = 1|x i ,b) B c, then the forecast is ''non-toxic''. This cut-off was established as the percentage of toxic molecules of the series: 39/91 = 0.4. Under these conditions, both models guessed correctly 60 % of the internal M15 series data. Gompit and Logit models performance measures are identical (Fig. 3) ; in fact, a one-to-one comparison of the binary forecasts provided by both specifications reveal that they are the same. Therefore, this exercise does not provide compelling evidence to favor any of these specifications.
Calculation of Volsurf descriptors
For each compound, a 3D structure was generated using the program VolSurf and Molecular Interaction Fields (MIFs) were calculated by the program GRID. Grid spacing was set to 0.5 Å and the following probes were used: H 2 O (the water molecule), O (sp2 carbonyl oxygen atom), N1 (neutral NH group, e.g., amide) and DRY (the hydrophobic probe). From the MIFs, VolSurf ? derived series of 94 descriptors (independent of molecular alignment) that referred to some relevant ADME properties [30] .
Metasite analysis
MetaSite software was employed in this computational analysis. Two-dimensional structures of the compounds (generated in a simplified molecular input line entry system notation) were submitted to the MetaSite program, which is a fully automated procedure. The MetaSite version used in this analysis contains the homology three-dimensional models of P450 1A2, P450 2C9, P450 2C19, P450 2D6, and P4503A4. MetaSite analyses to predict sites of metabolism involve the calculation of two sets of descriptors: one set for P450 enzyme(s) and one set for substrate. The resulting analysis provides a ''chemical fingerprint'' of the enzyme and the substrate [31] . Chemical fingerprints are distance based descriptors that are calculated from molecular interaction forces computed by GRID [32] . MetaSite considers the chemical reactivity of the compound by taking into consideration the activation energy in the hydrogen abstraction step that ultimately generates metabolite(s).
Cellular assays
The cellular anti-inflammatory properties of the selected compounds were evaluated in D10.G4.1 cells, an extensively characterized T cell line specific for conalbumin [33] . Cells were maintained in Click's medium [34] supplemented with 10 % heat-inactivated FCS and stimulated every 2 weeks at 5 9 10 4 cells/ml with mitomycin C(MMC)-treated feeder cells and antigen as previously described [35] . The biological effects mediated by the compounds selected were analyzed by three different assays indicative of anti-inflammatory features: power to increase intracellular cAMP levels, ability to inhibit T cell proliferation and effect on the production of the cytokine IL-4. [36] . Each sample was assayed in triplicate. Cell growth was measured by colorimetric assay as formerly described [37] . (c) Cytokine quantification. IL-4 determinations were performed by ELISA as previously described [38] . Briefly, anti-IL-4 11B11 (ATCC HB188) and biotinylated anti-IL-4 BVD6-24G2 were used respectively as capture and detecting antibodies. Absorbance was measured at 492 nm. Reference standard curves were set up in each assay with serial dilutions of recombinant murine IL-4 (Genzyme diagnostics). Each sample was assayed in triplicate.
Results and discussion: Pharmacophore model and database searching
Pharmacophore generation using HypoGen module
To assure the flexibility of the study, a conformational analysis was carried out for each inhibitor from the optimal geometry of minimum energy previously calculated. Although this step does not ensure the finding of the biologically active conformation, it increases the probability of this conformation to be in the set of conformers.
After that, HypoGen-generated pharmacophore models displayed a set of 10 pharmacophore hypotheses generated from the training set of 15 PDE7 inhibitors using Catalyst/ HypoGen. Among these 10 hypotheses, Hypo_test is characterized by the highest cost difference of 84.10, and the highest correlation coefficient of 0.960. Noticeably, the cost range between Hypo_test and the fixed cost is 52.6, while that between the null hypothesis and Hypo_test is 84.10, showing that Hypo_test has probability higher than 90 % of correlating the data. The recalculated results of PDE7 inhibitory activities (IC50 values) of the 15 training set molecules are listed in Table 3 and the plot of recalculated versus experimental values is recorded in Fig. 5 . Although in some cases (see compound 5) the correlation between experimental and newly predicted values is not optimal, the correlation coefficient of r = 0.96, indicates a good predictive power of this hypothesis.
Prediction capability of the generated pharmacophore model Evaluation set prediction. To test whether Hypo_test can also predict the activities of compounds beyond the training set, we applied a total of 16 compounds representing diverse activity classes and not used in the training set. As shown in Fig. 6 , there is a good line correlation between the experimental and predicted PDE7 activities of the test set compounds, showing a good correlation coefficient of 0.95. Thus, Hypo_test has a good prediction capability for both training set and test set compounds.
Cat-Scramble validation
With the aid of the Cat-Scramble program, the experimental activities of compounds in the training set were scrambled randomly, and the resulting data set was used for HypoGen generation. All parameters were adopted and used in the initial HypoGen calculation. This procedure was reiterated 19 times and 190 hypotheses were analyzed, none of which showed better correlation values than the generated hypothesis (Hypo_test). On Table S2 in Supplementary Information, the activity variations and correlations can be observed. In variation number 12, the closest correlation to the generated hypothesis was obtained (r = 0.79). However, in this case the cost of the hypothesis was 248.3 bits (higher than our null hypothesis) and moreover it was a 3 hydrophobic point model. All of this indicates a probability of 90 % of true correlation among data and suggests that the HypoGen model is optimal.
In silico screening
The representative common pharmacophore hypothesis (Hypo_test) was used as a search query to retrieve compounds with novel structural scaffolds and desired chemical features. The four-point pharmacophore hypothesis was directly used as a query for virtual screening, looking for additional candidates for biological testing among the molecules that contain the pharmacophore in their lower energy conformation. The ''fast flexible search'' option in Catalyst was first selected to screen the following 3D-databases: Maybridge (55.273 compounds), Chemical Diversity (374.316 compounds), Specs (255.040 compounds) and NCI (238.819 compounds). This yielded a collection of about 10.000 compounds that shared, in some conformation, the same 3D representations of the functional groups. Based on this search, iterative searched were performed restricting tolerance in angles and distances.
In the first search we only restrict the distances with a tolerance of 0.1 Å because the tolerance of the correlation sphere was 1.6 Å . In this way we found 10,793 compounds that match this restriction. On top of this search, the second run limited the opening of the angles to 10°, which is ±5°o ver the original value. In this case we found 90 compounds, what constitutes a high number to carry out an analysis of all of them. That is why in the third run we limited the tolerance of the angles to 5°(±2.5°) and the correlation sphere to 1 Å . In this last search 56 compounds were found.
Additionally, a subset of these structures was selected by removing all the molecules that did not satisfy the wellknown Lipinski rules, describing properties of drug-like compounds (see Figure S2 -S3 in Supplementary Information). Therefore, Lipinski indexes were calculated for each one of the 56 compounds and those without a number equal to 4 were discarded.
Thus, through three computational techniques, a cascade selection of candidates took place (Fig. 7) , which allowed the identification of 32 compounds, a 0.0035 % of the initial compounds.
In silico studies of toxicity

Statistical analysis
The five data series shown in Table 2 , were analyzed to measure their a priori forecasting capacity in the estimation of two nonlinear models named Logit and Gompit (Table 4 ). The criteria employed are detailed below:
McFadden R2: It is similar to the statistical R2, but used for non linear models. Higher values indicate a better fit. The values obtained clearly indicate that the ''PC variables'' provide larger values and, therefore, better fits [39] .
Hannan-Quinn criterion: It takes into account the fitting (the more, the better) and the number of variables (the less, the better). Higher values indicate higher forecasting power out of the sample [40] . According to this statistic, the best specifications are those that use a single principal component as explanatory variable. p values of a significance statistic: They contrast the null hypothesis that all the b parameters are zero, meaning that there is no relationship between the physical properties of a molecule and its toxicity, against the alternative that b is non-zero. The p values corresponding to the best model are 4.01 and 4.38 %, meaning that the risk of error in rejecting the null is roughly 4 %.
In all cases, the forecasting capacity of the series increase as follows: M5 \ M8 \ M11 \ M14 \ M15 (Table 4) . Therefore, the introduction of small size molecules reduces the forecasting power but increases the range of molecules that the model would be able to predict. Moreover, among all series, the first component is the most significant variable for the prediction of toxicity.
To test the model robustness, we chose for evaluation a set of molecules which chemical structure could be compromised by toxic effects due to the presence, in the case of Å Lipinski indexes Fig. 7 Summary of the virtual screening cascade during the hit finding process non toxic compounds, or the absence in the case of toxic ones, of structural alerts ( Figure S4 -S5 in Supplementary Information) [41] . Table S3 in Supplementary Information shows the predictions of models for the evaluation set. Percentage of correct guesses was 66.7 %. Although considering smaller molecules will reduce the forecasting power of the series, it increases the number of the molecules the model can predict. Therefore, we decided to estimate a new model with series M5, therefore able to predict the theoretical mutagenicity of any molecule with more than 5 atoms different than Hydrogen. In this case, the cut off was established in 54/128 = 0.42, obtaining a 55 % of good hits with both models. Table S4 in Supplementary Information shows the predictions of both models for the evaluation set, with a percentage of correct guesses of 62.5 % and able to predict any size molecules.
As result, using the initial M15 model, because all molecules had more than 14 atoms different than Hydrogen, the mutagenicity of molecules obtained from 3D database search from the designed pahrmacophoric model was predicted, showing that only the compound coded 5989-3949 was predicted as toxic. Therefore, the rest of them do still show appropriate drug-like properties (Table  S5 in Supplementary Information).
ADME in silico studies
Prediction of ADME properties by Volsurf
The importance of favorable pharmacokinetic characteristics has been widely recognized in drug design [42] . The Volsurf approach was used in ADME modeling of drug-like compounds [43] . Compounds selected for the previous in silico screening were submitted to Volsurf to predict some ADME properties such as BBB penetration, thermodynamic stability in solution, Caco2 permeability, human serum albumin binding and hERG potassium channels blockers. Molecular descriptors calculated by Volsurf were applied to model pharmacokinetic parameters.
The pharmacokinetic features of selected compounds are shown in Table S6 (Supplementary Information).
From BBB penetration results, none of the compounds was discarded since any of them could be consider as a lead compound both in central or peripheral nervous system diseases. Concerning thermodynamic stability in solution, Caco2 permeability and human serum albumin binding, which is the main biological carrier of drugs, all the results showed suitable profiles.
For the prediction of blockage of hERG potassium channels, 6 compounds were discarded because of they were able to block these potassium channels, and consequently they could produce cardiac arrhythmias.
Finally, 12 of the selected compounds (Fig. 8) were purchased from commercial sources, and the biological evaluation confirmed their PDE7 inhibition for compounds 4571-0010, 2275-1061 and K784-3786 in the micromolar range [44] .
Identifications of the responsible cytochromes of the new prototypes
Since cytochrome inhibition and induction are the key mechanisms in drug-drug interactions, the molecules were introduced in Volsurf to predict in silico which cytochrome would be responsible for the metabolism of each of the compounds. As consequence, the elaborated model was used to predict that cytochromes CYP3A4 and CYP2C9 would be responsible of the metabolism of the 12 selected compounds ( Figure S6 in Supplementary Information).
Biological evaluation
To check their anti-inflammatory profile, we analyzed three parameters in the T cell line D10.G4.1.
Intracellular cAMP levels
cAMP is an important second messenger whose levels are regulated by synthesis, mediated by the action of the enzyme Adenyl cyclase, and degradation by phosphodiesterases [45] . To validate the hypothesis that the found compounds are able to inhibit PDE activity, first of all we determined their ability to increase the intracellular cAMP levels. As shown in Fig. 9 , the three selected compounds were able to significantly increase the cAMP levels in T lymphocytes, although none of them could reach levels as high as the PDE4 inhibitor Rolipram used as a positive control, what is not surprising since PDE4 is the major PDE in T lymphocytes. cAMP is involved in a wide range of cellular functions, including inhibition of the progression phase of T cell activation in response to mitogen [46] . Sustained increase of cAMP mediates a variety of immunoregulatory signals which leads to suppression of immune reactions and inflammation [47] . Thus, the ability of these three selected compounds to increase intracellular cAMP levels could constitute an anti-inflammatory potential.
Proliferation assays
Deregulation of immune response leads to inflammation. As T cell activity is involved in both cell and humoral responses [48, 49] , inhibition of T lymphocyte proliferation is considered as a suitable feature of anti-inflammatory drugs. To address whether these compounds had anti-proliferative activity, we next carried out proliferation assays with T lymphocytes activated through the T cell receptor by anti-CD3 antibody in the presence of increasing doses of the selected compounds. Results demonstrated an antiproliferative effect in a dose-dependent way for the three compounds assayed (Fig. 10) . Thus, these three compounds could control an inadequate immune response mediated by T lymphocytes.
Production of the anti-inflammatory cytokine IL-4 T helper (Th) cells produce and induce other cell types to produce cytokines with great influence on inflammation. Different cytokines favor or restrain different inflammatory processes. Th2 cells are IL-4 and IL-5 producers, which are involved in allergic inflammation and asthma [50, 51] . Meanwhile cytokines produced by Th1 (IFNc) and Th17 (IL-17, IL-22) subsets are related to allograft rejection [52, 53] , and to autoimmune disorders as multiple sclerosis [54] , rheumatoid arthritis [55, 56] , celiac disease [57] , diabetes mellitus [58, 59] or psoriasis [60] . Th phenotype definition is thoroughly regulated by the cell environment. and IL-6 ? TGFb, respectively. So, immunotherapy searching for Th1-or Th17-mediated diseases is very often based in strategies for deviation of Th phenotype in favor of the IL-4 producer subtype Th2 [61] [62] [63] [64] [65] .
Thus, we wanted to evaluate the effect of hit compounds on the levels of IL-4 secreted to the medium by T lymphocytes stimulated by anti-CD3. As shown in Fig. 11 , two of them led to an increase of the amount of this cytokine, suggesting that they could be suitable agents for Th2 phenotype promotion.
Conclusions
Many immune responses are regulated by cAMP as second messenger in cell signal transduction. Thus, agents able to increase intracellular cAMP levels have immunosuppressive properties by inhibition of T cell proliferation and/or modulation of cytokine production. Biological assays also showed ability to decrease T cell proliferation, most probably due to the increase of intracellular cAMP levels mediated by those molecules. Therefore, the iterative strategy and the combined use of some computational techniques reported herein have allowed the discovery of some molecules with potential to control inflammatory processes mediated by T lymphocytes, such as multiple sclerosis, diabetes mellitus, psoriasis, systemic lupus erythematosus or rheumatoid arthritis. In addition, T lymphocytes treated with two of the drugs found here secreted increased levels of IL-4, a cytokine with well known antiinflammatory properties in autoimmune disorders in which Th1 and Th17 are involved.
This virtual screening strategy has taken into account not only biological activity criteria but also some ADME-TOX properties, making it a useful tool for the determination of new hit compounds. On one hand, toxicity risk was evaluated taking into account the predictive value of statistical models based on Ames test data. On the other hand, the study of which cytochrome could show more influence over those compounds was also analyzed.
In addition to these studies, it is also important to consider the common chemical modifications for a further lead optimization processes, such as the substitution of ester function to avoid the rapid hydrolysis by esterases or the elimination of chloroacetyl amide as reactive specie.
Finally, it is important to take into account that no predictive model is infallible. From this premise, the main advantage of this strategy is the fact that together with other criteria such as their chemical accessibility, pharmacokinetic properties should reinforce an appropriate selection of candidate compounds for preclinical development. 
